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Abstract 
Pancreatic adenocarcinoma is the fourth leading cause 
of cancer-related death in the United States. Due to 
the aggressive tumor biology and late manifestations 
of the disease, long-term survival is extremely un
common and the current 5-year survival rate is 7%. 
Over the last two decades, endoscopic ultrasound 
(EUS) has evolved from a diagnostic modality to a 
minimally invasive therapeutic alternative to radiologic 
procedures and surgery for pancreatic diseases. EUS-
guided celiac plexus intervention is a useful adjunct 
to conventional analgesia for patients with pancreatic 
cancer. EUS-guided biliary drainage has emerged as 
a viable option in patients who have failed endoscopic 
retrograde cholangiopancreatography. Recently, the use 
of lumen-apposing metal stent to create gastrojejunal 
anastomosis under EUS and fluoroscopic guidance in 
patients with malignant gastric outlet obstruction has 
been reported. On the other hand, anti-tumor therapies 
delivered by EUS, such as the injection of anti-tumor 
agents, brachytherapy and ablations are still in the 
experimental stage without clear survival benefit. In 
this article, we provide updates on well-established 
EUS-guided interventions as well as novel techniques 
relevant to pancreatic cancer. 
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Core tip: Endoscopic ultrasound (EUS) is an indis
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pensable tool in pancreatic cancer not only for tissue 
diagnosis and disease staging but also for therapeutic 
purposes. Although some EUS-guided therapies such 
as celiac plexus interventions and biliary drainage in 
the setting of unsuccessful endoscopic retrograde cho
langiopancreatography (in expert tertiary referral centers) 
have become widely accepted interventions for patients 
with pancreatic cancer, other techniques have yet to 
evolve. Given the lack of effective systemic treatment 
for pancreatic cancer at present, further research in 
therapeutic EUS is warranted.
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INTRODUCTION
Pancreatic adenocarcinoma is the fourth leading cause 
of cancer-related death in the United States[1]. Only 
20% of patients at diagnosis are amenable to surgical 
resection[2], which offers the best chance of long-term 
survival. As a result, the majority of patients are treated 
with palliative chemotherapy or best supportive care. 
From a histological standpoint, one of the defining fea­
tures of pancreatic ductal adenocarcinoma is extensive 
desmoplastic stroma with fibrotic reaction around the 
tumor. The fibrotic stroma promotes tumor growth[3], 
induces resistance to chemotherapy and radiotherapy[4], 
and constitutes a barrier to the delivery of therapeutic 
agents[5]. Due to the aggressive tumor biology and late 
manifestations of the disease, long-term survival is 
extremely uncommon and the current 5-year survival 
rate is 7%[6].

Over the last two decades, endoscopic ultrasound 
(EUS) has evolved from a diagnostic modality to a 
minimally invasive therapeutic alternative to radiologic 
procedures and surgery for pancreatic diseases. EUS-
guided celiac plexus neurolysis (CPN)/block are widely 
accepted techniques for pain management in patients 
with pancreatic cancer. Recently, EUS-guided biliary 
access in both malignant and non-malignant biliary 
obstruction has been increasingly utilized. As EUS offers 
dynamic images, unparalleled access to the pancreas 
and Doppler to avoid vascular structures, it has a theo
retical advantage of targeting the tumor directly through 
the desmoplastic stroma while minimizing complications. 
This, coupled with the lack of effective systemic che
motherapies for pancreatic cancer, has prompted 
researchers to investigate local EUS-guided delivery of 
anti-tumor agents and ablative therapies over the last 
decade.

In this article, we provide updates on well-esta
blished EUS-guided interventions as well as novel 
techniques that are in the development for the treat

ment of pancreatic cancer.

PALLIATIVE/SYMPTOMATIC THERAPIES
EUS-guided celiac plexus interventions
CPN refers to permanent chemical ablation of the celiac 
plexus and is performed by injecting alcohol or phenol 
into or around the celiac plexus or ganglion. Celiac 
plexus block denotes inhibition of pain transmission 
via the celiac plexus by injecting a combination of 
a corticosteroid and a long acting local anesthetic. 
Injections can be delivered via a percutaneous, surgical 
or EUS-guided approach. EUS provides access to the 
celiac plexus which is located adjacent to the proximal 
gastric wall. The main advantage of this route over a 
percutaneous one is the ability to avoid vessels with 
Doppler, in addition to being able to undertake con
comitantly at the time of another intervention such as an 
endoscopic retrograde cholangiopancreatography (ERCP) 
or fine needle aspiration of the primary mass. 

Since the first report of EUS-CPN in 30 patients with 
intra-abdominal malignancy (25 with pancreatic cancer) 
showing significant improvement in pain scores[7], 
multiple randomized controlled and meta-analyses[8-12] 
have demonstrated that EUS-CPN provided effective 
pain relief in patients with pancreatic cancer compared 
with conventional analgesia. There is also evidence that 
CPN reduces analgesia use. Two meta-analyses showed 
that CPN (either EUS or percutaneous approach) was 
associated with a significant reduction in narcotic use[8,11]. 
Additionally, a randomized controlled trial involving 
96 patients with advanced pancreatic cancer reported 
that morphine consumption was lower at 3 mo in the 
EUS-CPN group compared to placebo[11]. Nonetheless, 
approximately 15% of patients may see no reduction in 
their use of narcotics, and in this group, a repeat EUS-
CPN has not been shown to be effective. A study of 24 
patients with pancreatic cancer undergoing repeat EUS-
CPN showed that repeat CPN was not as effective as 
index procedure in pain control (67% after the initial CPN 
vs 29% at 1 mo follow-up)[13].

EUS-guided injection can be given centrally into 
the space between the aorta and the origin of the 
coeliac trunk, or bilaterally on either side of the coeliac 
axis. To date, one randomized trial comparing the two 
techniques demonstrated no difference in the duration 
of pain relief (11 wk vs 14 wk), complete pain relief 
(2/29 patients vs 2/21 patients) or reduction in pain 
medication (9/29 patients vs 7/21 patients)[14]. The 
decision to inject centrally or bilaterally often depends 
on the personal preference and experience of an en
dosonographer and further prospective studies are 
needed to determine which approach is superior. On the 
other hand, a Japanese group investigated the efficacy 
of broad plexus neurolysis (BPN) extending over the 
superior mesenteric artery with the aim of delivering 
a larger amount of neurolytic agents[15]. The study 
found that EUS-BPN patients had significantly greater 
reductions at days 7 and 30 on the visual analog pain 
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scale scores compared with EUS-CPN group. This 
technique, however, is yet to be validated in a large, 
prospective trial.

There has been an interest in direct celiac ganglia 
injection to improve the efficacy of CPN (Figure 1). 
Celiac ganglia appear as an oval, hypo to isoechoic 
structures around the celiac axis and are visible in 
upwards of 80% of the general population[16,17]. A recent 
study randomized 34 patients to EUS-celiac ganglia 
neurolysis vs EUS-CPN showed that celiac ganglion 
neurolysis was associated with more effective pain relief 
compared with CPN (73.5% vs 45.5%, respectively; P 
= 0.026) with a smaller volume of alcohol needed for 
the ablation[18].

Contraindications to celiac plexus interventions 
include coagulopathy (international normalized ratio 
> 1.5), thrombocytopenia (platelets < 50000/L), and 
hemodynamic or respiratory instability prohibiting 
adequate sedation. Otherwise, EUS-guided celiac plexus 
intervention is generally safe. Diarrhea, abdominal pain 
and hypotension due to the disruption of the autonomic 
nervous system are usually self-limiting. A paradoxical 
increase in pain has been shown to occur in 9% of 
cases but generally resolves spontaneously[19]. Serious 
adverse events including paralysis from anterior spinal 
cord infection[20,21], necrotic gastric perforation[22], and 
celiac artery thrombosis causing infarction[23,24] are rare.

EUS-guided biliary drainage
ERCP for biliary access and drainage is successful in 90% 
to 95% of cases and is the preferred method of stenting 
the bile duct in obstructive jaundice from pancreatic 
cancer. In cases of unsuccessful ERCP due to difficult 
cannulation or altered anatomy, the alternatives have 
been precut papillotomy, percutaneous transhepatic 
biliary drainage (PTBD) and surgical bypass. Recently, 
EUS-guided biliary drainage has emerged as an alter
native to these options. EUS-guided approach spares 
patients the discomfort of an external drain, and can be 
performed at the time of an unsuccessful ERCP, reducing 
the need for additional percutaneous interventions.

Three main approaches for EUS-guided biliary 

drainage have been described. Rendezvous technique is 
where a guidewire is placed into the intra or extrahepatic 
bile duct and passed through the papilla for retrieval by 
duodenoscopy for retrograde biliary intervention. Direct 
transgastric (hepaticogastrostomy) or transduodenal 
(choledochoduodenostomy) route involves the dilation 
of the tract followed by stenting for transmural biliary 
drainage (Figure 2). This obviates biliary access via the 
papilla. A third, less frequently performed intervention, 
involves the antegrade placement of a stent across 
the papilla via a transduodenal approach[25,26]. The 
transduodenal approach requires at least an intact 
duodenal bulb[27] and can sometimes be performed 
after placement of a duodenal stent for gastric outlet 
obstruction. In patients with obstruction at the level of 
the pylorus, the transgastric approach almost always 
requires a dilated intrahepatic biliary system[28].

Available evidence suggests excellent technical and 
clinical success with EUS-guided biliary drainage in 87% 
of cases, however, adverse events up to 10%-20% have 
been reported[29-40]. One of the major shortcomings of 
the rendezvous technique is a failure rate of 25%, and 
this can be associated with prolonged procedure times 
and higher risk of bile leak[31,36,37,40,41]. In contrast, trans
luminal stenting can be complicated by stent migration 
or occlusion, bile leak and biliary peritonitis, cholangitis, 
hemobilia and pneumoperitoneum[27,33-35]. 

Alternatively, EUS-guided gallbladder drainage may 
be an option when the previously mentioned appro
aches are not feasible. As the gallbladder presents a 
large target in close proximity to the gastric antrum and 
duodenal bulb, this technique can be performed more 
easily. However, it would not be beneficial in a non-
dilated gallbladder suggesting cystic duct invasion by 
tumor[42]. Excellent technical success, clinical success and 
safety profiles with EUS-guided gallbladder drainage in 
patients with acute cholecystitis have been demonstrated 
in a randomized controlled trial[43] and its use in the 
setting of malignancy has been described in case reports 
and small series[44,45].

At present, experts recommend that EUS-guided 
biliary drainage should be performed by an advanced 
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Figure 1  Endoscopic ultrasound-guided injection into the celiac ganglion. A: Celiac ganglion visualized by linear endoscopic ultrasound as a hypoechoic 
structure anterior to the aorta (arrow); B: 19-gauge needle puncture into the celiac ganglia for neurolysis.
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first study evaluated 15 patients with malignant obs
truction undergoing gastroenteric anastomosis using 
magnetic compression devices and a yoyo stent and 
found that the procedure was successful in 13 (87%) 
patients[54]. One perforation occurred and was attributed 
to manipulation of the recently formed fistula. Three 
stents migrated (2 distal and 1 proximal) and no 
mortality was reported. Subsequently, a prospective 
multicenter study evaluated 18 patients who had 
gastroenteric anastomosis using magnetic compression 
device and self-expandable stent[55]. The procedure 
was successful in 12 (67%) patients but the study 
was terminated after inclusion of 18 patients due to 
a fatal perforation in 1 patient. Three (25%) patients 
experienced stent migration. This technique is usually 
performed by forward-viewing endoscope but can also 
be performed under the guidance of EUS combined with 
fluoroscopy. Creation of magnetic biliary anastomoses 
using endoscopic and radiologic techniques has also been 
described in case reports[56,57] but there are no large trials 
to date.

Through-the-scope device for EUS-guided suturing 
and tissue approximation between two organs has 
been tested in porcine models[58,59]. A suturing device 
was developed for suturing under EUS guidance to the 
desired depth. The device allowed multiple sutures to 
be placed without withdrawing the echoendoscope. 
Stitching, knot tying, and thread cutting were achieved 
through an accessory channel in the echoendoscope. 
Traction for the insertion of stents and other devices 
was provided through the lumen of both organs. With

endoscopist with expertise in both ERCP and EUS in a 
tertiary center, where surgery and radiology unit can 
provide support to manage adverse events if they 
arise[46,47]. 

EUS-guided anastomosis
Gastric outlet obstruction is a common late manifestation 
of cancer in the head of the pancreas. When endoscopic 
gastroduodenal stent placement is unsuccessful in 
relieving obstruction, bypass surgery can be performed 
to accomplish the anastomosis between the stomach and 
jejunum. However, in poor surgical candidates, the EUS-
guided approach may offer a minimally invasive means 
of establishing an anastomosis. In this technique, a 
gastrojejunal fistula is created by obtaining an access to 
the jejunum via EUS-guided needle, placing a guidewire 
through the needle and dilating the tract over the wire 
using a dilator catheter, balloon and/or electrical cautery 
needle. Subsequently, a lumen-apposing stent is placed 
across the fistula (Figure 3). This has been described in 2 
recent case reports[48,49]. EUS-guided gastrojejunostomy 
using a double-balloon enteric tube to distend the je
junum between the two balloons at the EUS-guided 
needle puncture has also been reported[50,51]. 

The use of magnetic compression devices through 
oral, percutaneous, and surgical introduction of magnets 
to create gastroenterostomy and cholecystoenteric 
anastomosis in animal models has been reported[52,53] 
(Figure 4). Encouraged by the favorable outcomes of the 
experimental studies, two human trials of endoscopic 
gastroenteric anastomosis have been performed. The 

Figure 2  A 84 years old male with duodenal adenocarcinoma causing biliary obstruction underwent endoscopic ultrasound-guided choledochoduodenostomy 
following unsuccessful endoscopic retrograde cholangiopancreatography. A: Tumor involving the major papilla; B: Endoscopic ultrasound-guided puncture of 
the common bile duct through the duodenum with a 19-gauge needle; C: Guidewire insertion and balloon dilation of a choledochoduodenal fistula; D: Followed by the 
placement of a 10 mm × 10 mm lumen-apposing metal stent to create a choledochoduodenostomy; E and F: Endoscopic (E) and flouroscopic (F) view after the placement 
of a 7 Fr × 3 cm double pigtail stent into the common hepatic duct.
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in 4 to 7 d, anastomoses had formed between the 
small intestine and the stomach, and between the 
gallbladder and the stomach. The initial diameter of the 
anastomoses ranged from 3 to 9 mm, and no adverse 
events were reported. 

ANTI-TUMOR THERAPIES
EUS-fine needle injection of anti-tumor agents
Cytoimplant: An allogenic mixed lymphocyte culture 
(Cytoimplant) induces cytokine production and activates 
the host immune effector mechanism. EUS-fine needle 
injection (EUS-FNI) of Cytoimplant was examined in 
a phase Ⅰ trial of 8 patients with advanced pancreatic 
cancer[60]. The median survival was 13.2 mo, with 
2 partial responses (> 50% reduction in tumor size 

measured on imaging) and 1 minor response (tumor 
size reduction of < 50%). The technique was feasible 
and no major complications were seen. 

Immunotherapy/dendritic cells: Immature dendri
tics cells can stimulate primary T-cell response against 
tumor antigens. To date, 2 pilot trials have been con
ducted on EUS-FNI of dendritics for the treatment of 
unresectable pancreatic cancer. The use of EUS-FNI of 
immature dendritic cells was reported in a study of 7 
patients with advanced pancreatic cancer who previously 
failed gemcitabine. Injections of 10 billion or more 
dendritic cells at two to three sites were performed. 
There was 1 complete response, 3 partial responses and 
2 patients had stable disease with a median survival 
of 9.9 mo. No adverse events were seen[61]. Later, the 

Figure 4  Magnetic anastomosis device to create endoscopic gastrojejunostomy (Images courtesy of Cook Medical). A: Gastric magnent marked with an 
endoscopy clip; B: Mating of gastric and proximal jejunal magnets under fluoroscopic guidance to create a gastrojejunal fistula; C: Placement of a fully covered stent 
within the fistula with a proximal flanged edge positioned in the gastric lumen; D: The stent within the fistula functions as a gastrojejunostomy.
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Figure 3  A 66 years old female with metastatic cholangiocarcinoma and gastric outlet obstruction undergoing endoscopic ultrasound-guided 
gastrojejunostomy. A: Tumor ingrowth into two previously placed duodenal stents; B: Endoscopic ultrasound visualization of a 20 mm balloon inflated in the proximal 
jejunum followed by a 19-gauge needle puncture (arrow); C and D: Balloon dilation of the gastrojejunal fistula over a 0.035 inch guidewire; E and F: Endoscopic (E) 
and fluoroscopic (F) demonstration of contrast flow across 10 mm × 15 mm lumen-apposing metal stent (arrow) into the jejunum. 
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use of combined systemic gemcitabine and EUS-FNI of 
OK432-pulsed dendritic cells, followed by intravenous 
lymphokine-activated killer cells was reported in 5 
patients with unresectable pancreatic cancer. One 
patient showed a partial response and 2 patients had 
stable disease over 6 mo[62].  

Tumor necrosis factor erade: Tumor necrosis factor 
(TNF)erade is a replication-deficient adenovirus vector 
that expresses human TNF-alpha gene regulated by 
promoter Egr-1, which is inducible by chemotherapy 
and radiation. Preliminary results from a phase Ⅰ/Ⅱ 
trial of intratumoral TNFerade injection (either EUS or 
percutaneous approach) in combination with systemic 
5-fluorouracil and radiotherapy in 50 patients with 
locally advanced pancreatic cancer demonstrated en
couraging results[63]. One complete response, 3 partial 
responses and 12 stable disease with a median survival 
of 297 d was noted. Interestingly, seven patients had 
surgical resection, 6 with negative margins, 1 with 
complete pathologic response and 3 surviving more 
than 2 years. However, a subsequent large randomized 
multicenter trial involving 304 patients with locally 
advanced pancreatic cancer showed no survival benefit 
of combining intratumoral TNFerade injection with 
5-fluorouracil and radiotherapy compared with chemo­
radiation alone[64]. In addition, the study used either 
EUS-guided or a percutaneous approach for the injection 
of TNFerade and found that EUS-FNI was associated 
with inferior progression-free survival. This was thought 
to be the operator-dependent nature of EUS-FNI.

ONYX-015: ONYX-015 is a modified adenovirus 
(deletion in the E1B gene) which preferentially replicates 
in tumor cells leading to cell death. In a phase Ⅰ/Ⅱ 
trial using EUS-FNI of ONYX-015 in 21 patients with 
locally advanced pancreatic cancer, patients received 8 
injections and the last injection was administered with 
systemic gemcitabine[65]. The mean survival was 7.5 mo. 
Serious adverse events included duodenal perforations 
and sepsis in 2 patients each, raising concerns over its 
safety.

BC-819: BC-819 is a DNA plasmid that targets the 
expression of diphtheria-toxin gene under the control of 
H19 regulatory sequences and has the potential to treat 
pancreatic cancer that overexpresses the H19 gene. In 
a phase Ⅰ/Ⅱa trial, EUS or computed tomography (CT)-
guided FNI of BC-819 was performed in 9 patients with 
advanced pancreatic cancer treated with concurrent 
chemoradiation[66]. Three patients achieved partial 
response and 2 were successfully downstaged for 
surgery. No serious adverse events were reported. 

Radiotherapy and EUS
EUS-guided brachytherapy: Brachytherapy involves 
the insertion of a radioactive seed directly into the 
tumor for local destruction. Iodine-125 (125I) is the most 
common radioactive seed used and has a half-life of 

59.7 d and tissue penetration of 1.7 cm[67]. EUS-guided 
implantation of 125I into pancreatic tumor was first 
reported in a pilot study of 15 patients with unresectable 
pancreatic cancer[68]. The study showed partial response 
in 27%, minimal response in 20% and stable disease 
in 33%. Reduction in pain was noted in 30% but the 
effect was short-lived. Two further studies examined the 
efficacy of combined EUS-brachytherapy and systemic 
gemcitabine-based chemotherapy in patients with 
advanced pancreatic cancer, both demonstrating no 
significant survival benefit but improvement in pain was 
again noted[69,70].

Stereotactic body radiotherapy and fiducial 
placement: The main benefit of stereotactic body 
radiotherapy (SBRT) is that it limits the field of radiation 
to the organ of interest thereby minimizing irradiation of 
adjacent normal tissue[71]. One prospective[71] and two 
retrospective studies[72,73] showed that local tumor control 
and overall survival following SBRT were comparable with 
the outcomes of external beam radiotherapy.

Placement of fiducial markers prior to SBRT acts as a 
landmark and enables precise tumor targeting. Fiducial 
markers are available in different forms, including 
radiopaque spheres, coils or seeds and were traditionally 
placed in or near the tumor using surgical or radiological 
techniques (Figure 5[74]). However, two recent prospective 
studies have demonstrated that EUS-guided placement 
of fiducial markers in pancreatic tumors had excellent 
technical success rates (88% to 90%) and safety[74,75]. 
EUS-guided placement is performed by passing fiducials 
through a 19G or 22G needle and deploying them by 
using stylet or injecting sterile water into the needle 
after the needle is punctured to the desired depth[76]. 
Different types of fiducial markers have also been 
studied. Khashab et al[77] evaluated the EUS-placement 
of traditional vs coiled fiducials in a study of 39 patients 
with locally advanced pancreatic cancer. Visibility score 
was significantly better for traditional compared with coil 
fiducials but no difference in migration rate, number of 
fiducials placed, technical success or complication rate 
were seen. The authors recommended the placement of 
traditional fiducials whenever possible.

EUS-guided ablative techniques
Radiofrequency ablation: Radiofrequency ablation 
(RFA) works by passing electrical current in the range 
of radio waves between a needle electrode positioned in 
the tumor, and grounding pads placed on the patient’s
skin. Radiofrequency current produces a high level of 
heat within the tumor leading to protein desaturation 
and loss of fluids (coagulative necrosis)[78]. Several 
studies have demonstrated the feasibility of RFA via 
open, percutaneous and laparoscopic approaches in 
patients with locally advanced pancreatic cancer[79,80].

The application of EUS-guided RFA in porcine models 
was shown to be effective in destroying pancreatic 
tissue[78,81,82]. Complications included pancreatitis[81], 
intestinal wall adhesion[82], and retroperitoneal fibrosis 
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in an adjacent organ[83]. To date, there is only one 
study that reported the use of EUS-RFA in humans. The 
study used a cryothermal probe which is a large bore 
flexible bipolar device that combines radiofrequency with 
cryogenic cooling in the same session. The probe was 
successfully applied under EUS guidance in 73% (16/22) 
of patients with locally advanced pancreatic cancer and 
the procedure was well tolerated in all patients. In 6/16 
patients, reduction in tumor size was noted on follow-up 
CT[83]. 

Photodynamic therapy: Photodynamic therapy 
(PDT) is a technique where a specific wavelength of 
light is delivered via optical fibers threaded through a 
needle placed in the target tissue[84]. Wavelength light 
is then activated by a photosensitizing agent which is 
usually administered intravenously. Photosensitizer is 
also present in pancreatic cancer at a sevenfold greater 
concentration compared with normal tissue[85]. The 
combination of a photosensitizing agent and wavelength 
light in the presence of oxygen leads to the generation 
of reactive oxygen species that can damage cellular 
constituents leading to cell death[86]. Unlike RFA, PDT 
is collagen sparing and preserves normal tissue archi
tecture[87]. 

Promising results of PDT on cholangiocarcinoma have 
been reported including survival benefit[88-94] however its 
use in pancreatic cancer is still at an experimental stage. 
Three pilot trials of PDT in patients with locally advanced 
pancreatic cancer have demonstrated its feasibility and 
safety[86,95,96]. 

CONCLUSION
EUS-guided celiac plexus intervention is a useful adjunct 

to conventional analgesia for pain management in 
patients with pancreatic cancer. Direct injection into the 
celiac ganglia may result in a better response.

EUS-guided biliary drainage has emerged as a viable 
alternative to PTBD in patients who have failed ERCP. 
However, it should be performed by an interventional 
endoscopist with expertise in both ERCP and EUS at a 
tertiary center where surgery and radiology can provide 
support in case of adverse events.

EUS-guided anastomosis is in the preliminary stage 
of development and the majority of studies are limited 
to animal models. Major advancements in technique 
and prospective human trials are needed before it 
becomes a feasible alternative to surgery in patients at 
high risk of operative complications.

Results of trials with EUS-guided anti-tumor in
jection therapy have been disappointing. The lack of 
effective anti-tumor agents is a significant barrier to the 
development in this field. 

EUS-guided brachytherapy and fiducial placement 
can be performed safely and easily. However, there 
is no available data to suggest clear survival benefit, 
although clinical benefit from pain relief has been noted 
in some studies.

The use of EUS-guided ablative therapies is still at 
an experimental stage. Further human trials are need 
to determine its clinical benefit.

To summarize, EUS is an indispensable tool in pan
creatic cancer not only for tissue diagnosis and disease 
staging but also for therapeutic purposes. Although some 
EUS-guided therapies have become widely accepted 
interventions for patients with pancreatic cancer, others 
have yet to evolve. Given the lack of effective systemic 
treatment for pancreatic cancer at present, further 
research in this field is warranted.

Figure 5  Images courtesy of Sanders et al[74]. A: Fiducial loaded into 19-gauge needle with sterile forceps; B: Fiducial within tip of needle; C: Sealing fiducial with 
sterile bonewax; D: Loaded fiducial ready for advancement down operating channel; E and F: Needle delivering fiducial into pancreatic mass (arrow).
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